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(57) Scope of Patent Claim 

1 . A negative electrode [anode] for an alkaline battery, characterized in that a 
zinc dispersion containing 99 to 60 wt% zinc, 1 to 40 wt% of at least one of the following 
elements: bismuth, lead, thallium, cadmium, tin, indium, antimony, selenium, and 
tellurium or oxides of these metals, and an aqueous polyvinyl alcohol solution 
containing boric acid or at least one compound that releases boric acid ions in an 
aqueous alkaline solution is housed in an ion-permeable vessel and is used after being 
brought into contact with an alkaline solution. 

Detailed Description of the Invention 

The present invention pertains to an alkaline battery that uses zinc as the 
negative electrode [anode] active substance and in particular, relates to an alkaline 
battery with improved shelf life and whose cycle life is prolonged with repeated charging 
and discharging. 

Primary and secondary batteries that use zinc as the anode active substance are 
made from inexpensive starting materials and have a high voltage and high discharge 
current. Those that use an alkaline electrolyte are particularly excellent in terms of low- 
temperature properties and heavy-load properties. For instance, the following 
characteristics have already been realized with this type of primary or secondary 
battery: (1) Good discharge properties and low-temperature properties are obtained by 
dispersing zinc in powder form, particle form, or fiber form in a gel of an aqueous 
solution of carboxymethylcellulose to make a zinc anode. (2) The effective surface 
area of the zinc is increased by dispersing the above-mentioned gel in the pores of the 
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porous zinc to make a zinc anode. (3) Zinc is amalgamated with 3 to 10 wt% mercury 
with 97 to 90 wt% zinc in order to inhibit undesirable hydrogen generation due to 
contact with electrolyte from places where the zinc in powder, particle, or fiber form 
covers a large surface area. (4) The effect of inhibiting hydrogen generation is further 
increased by mixing less than 0.3 wt% of a metal that tends to amalgamate, such as 
cadmium, thallium, tin, bismuth, lead, or tellurium, with the mercury during 
amalgamation so that these metals uniformly precipitate in the zinc. (5) Dendrite 
formation, which causes internal short-circuiting of secondary batteries, is prevented by 
adding a small amount of ions of a metal that tends to amalgamate, such as Bi 3+ , Tl + , 
Tl 3+ , Cd 2+ , Sn 2+ , Sn 4 \ Pb 2+ , As 3+ , As 5 \ and the like, or hydroxy or oxy complexes of 
these metals, to the electrolyte solution so that these metals, will precipitate on the zinc 
surface. Similarly, in order to prevent dendrite formation, (6) a sulfur compound is 
added to the electrolyte solution or (7) the amount of alkaline electrolyte is brought to a 
very small amount in comparison to the amount of zinc in order to prevent the 
production of acidic zinc ions, and the like. However, each of these methods has its 
own disadvantages. For instance, with method (1 ) there is an increase in the use of 
mercury to prevent generation of hydrogen from places where this generation of 
hydrogen is increased. Therefore, product costs are increased and countermeasures 
against toxicity are needed for manufacture. Moreover, syneresis and flocculation occur 
with long-term or high-temperature storage and the zinc particles separate from the gel 
and aggregate. Therefore, contact with the collector degrades and there is a reduction 
in the zinc utilization factor with high-current discharge. There is a reduction in current 
efficiency and hydrogen is generated and there is a reduction in charge capacity and 
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battery capacity because of the zinc oxide that precipitates after discharge around the 
collector ring in the case of secondary batteries in particular. As with method (1), 
gradual syneresis of the gel with separation from the pores of the porous zinc takes 
place with the method in (2) and this leads to insufficient electrolyte for discharge and a 
reduction in the zinc utilization factor, making it impossible to store the battery. In 
addition, the effect of increased effective surface area of the porous zinc is realized with 
low-current discharge, but is not realized with very fast discharge. That is, deactivation 
rapidly proceeds from the outside surface in places where current is focused only on the 
outside surface and use of the zinc on the inside is hindered. Charging does not 
penetrate to the inside and there is a reduction in the zinc utilization factor with 
secondary batteries in particular. Furthermore, the bonds between the zinc particles are 
broken by discharging, making it impossible for the anode to retain the initial shape. 
Moreover, in addition to the high cost of the mercury that is used in method (3), the 
surface is made smooth, making it difficult to retain porosity. Moreover, the liquid 
particles of mercury that are produced during discharging induce electrode deformation 
and internal short-circuiting. In the case of secondary batteries in particular, the liquid 
particles that are produced with discharging separate and aggregate outside the 
amalgam system, making it impossible to achieve a uniform amalgamation over the 
entire surface of the zinc metal that is gradually produced with charging. Thus, there is 
a further reduction in the desired inhibition of hydrogen generation. Moreover, method 
(4) does not improve on conventional methods to such an extent that there is a large 
reduction in the amount of mercury that is used, and because little metal is added to the 
mercury, no benefit is seen in terms of the zinc utilization factor or battery life. The 
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solubility of the metal ions that are added by method (5) is low at 10" 3 M/liter and 
therefore, although effects are obtained with initial charging, there is a sudden reduction 
with the next charge cycle. These additional metal ions precipitate before the zinc with 
the first discharge and there are virtually no metal ions in the solution. In addition, the 
oxidation-reduction potential of the metal ions is more positive than that of zinc and 
therefore, they do not return to the form of the metal ion. Thus, these metal ions cannot 
precipitate on the zinc metal that has precipitated during the next charge cycle and they 
do not participate in the prevention of dendrite formation. Moreover, by means of the 
method in (6), the cathode active substance is oxidized and depleted because the sulfur 
compound lacks oxidation resistance and the effects therefore are not permanent. 
Moreover, there is a disadvantage with the method in (7) that the zinc utilization factor is 
low and heavy load properties are poor. 

Consequently, results that are in line with the individual goals of these methods 
are realized, but overall they are not satisfactory methods because they are 
accompanied by other disadvantages. 

The present invention is an anode for an alkaline battery, characterized in that a 
zinc dispersion containing 99 to 60 wt% zinc, 1 to 40 wt% of at least one of the following 
elements: bismuth, lead, thallium, cadmium, tin, indium, antimony, selenium, and 
tellurium or oxides of these metals, and an aqueous polyvinyl alcohol solution 
containing boric acid or at least one compound that releases boric acid ions in an 
aqueous alkaline solution is housed in an ion-permeable vessel and is used after being 
brought into contact with an alkaline solution. 



The zinc here can be in powder, particle, or fiber form. The bismuth, lead, 
thallium, cadmium, tin, indium, antimony, selenium, tellurium, and oxides of these 
metals can be in powder, particle, fiber, or porous form, and the amount is 1 to 40 wt%, 
preferably 3 wt% or more. Consequently, in contrast to conventional use for prevention 
of hydrogen generation or self-discharge of the zinc, a large amount is used. Moreover, 
these substances can be mixed with the zinc, or a prealloy with the zinc is temporarily 
made and used. The aqueous polyvinyl alcohol solution that is used is an aqueous 
solution containing 0.3 to 20 mol% boric acid or a compound that will release boric acid 
ions in an aqueous alkaline solution and 99.7 to 70 mol% of polyvinyl alcohol. The 
mixture of these three components is obtained, for instance, by adding and uniformly 
mixing zinc and bismuth, and the like in the aqueous polyvinyl alcohol solution to make 
a zinc dispersion, or mixing the three in powder form and then adding water to make the 
same zinc dispersion, and then bringing this into contact with an aqueous solution of a 
hydroxide of an alkali metal or alkaline-earth metal, such as sodium hydroxide. The 
zinc dispersion becomes a molded gelled body that is easy to handle during this step. 

This type of gel-like zinc dispersion that becomes a gelled body gradually 
changes to a porous metal unit during use as a battery electrode. Moreover, the above- 
mentioned bismuth, lead, thallium, cadmium, tin, indium, antimony, selenium, tellurium, 
and the like become the conductive base of this electrode. These metals become 
porous metals that precipitate by reacting with the metallic zinc according to Zn + Mo 
ZnO + M when an oxide is used because their standard oxidation-reduction potential is 
more positive than that of zinc. Moreover, these metals will not oxidize and remain as 
metals, even when the zinc is oxidized by ZnO or Zn(OH) n 2 " n (0 < n < 4) with discharge. 
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As a result, the conductive base, that is, the collector ring surface area, is always very 
large, and thus, hydrogen generation and dendrite formation do not occur. 

The amount of this metal needed to support a porous metal body of bismuth and 
the like that is maintained on a very broad surface area and acts as a collector, taking 
into consideration the active substance, is 1 wt% or more, particularly 3 wt% or more, 
up to 40 wt%. 

With respect to the polyvinyl alcohol containing boric acid or a compound that will 
release boric acid ions in an aqueous alkaline solution, the zinc dispersion is brought 
into contact with the alkaline solution and is then crosslinked with the boron. Moreover, 
elution of some of the zinc or acidic zinc ions as a result of charging-discharging is 
prevented and spreading to the cathode side is controlled. Moreover, the large 
amounts of ZnO that are produced during discharge are retained without ionizing. The 
gelled body that is obtained after bringing the zinc dispersion into contact with the 
alkaline solution has very good ion conductivity and the ability to prevent permeation of 
Zn(OH) n 2 n , and this Zn(OH) n 2 n that has been produced as a result of discharge does 
not diffuse to the cathode side. Consequently, deterioration of battery life is prevented. 
Moreover, this gelled unit has elasticity and a tendency for the zinc and metal such as 
bismuth and the like to become compressed is prevented. Therefore, there is no 
reduction in discharge capacity during storage. 

Examples of the present invention will now be described: 

Ten parts of metallic bismuth were thoroughly mixed with 100 parts of 60-mesh 
zinc metal powder and then 70 parts of this and an aqueous solution containing 0.4 
mol% boric acid and 5 mol% polyvinyl alcohol were thoroughly mixed. Then this was 



introduced into a nylon nonwoven cylinder of 6 mm diameter with a base and a brass 
rod of 3-mm diameter was inserted into the middle as the conductor. This was 
immersed in an aqueous 35 wt% potassium hydroxide solution and set aside overnight. 
As a result, an elastic anode that retained its shape with crosslinked polyvinyl alcohol 
and was made into one unit with the diaphragm was obtained. A No. 3 battery was 
assembled using a molded article made from 85 parts of electrolytic manganese dioxide 
as the cathode active substance and 15 parts of graphite powder and the properties of 
the above-mentioned anode and of the battery were studied (battery A). Battery B was 
made as the Comparative Example under the same conditions, with the exception that 
the anode was constructed from a mixture of 100 parts of zinc metal powder and 35 
weight [parts] of a gelled unit of aqueous potassium hydroxide solution containing 4 wt% 
carboxymethylcellulose. The properties of batteries A and B were investigated. 

The batteries were stored in a thermostatic chamber at constant humidity at 45°C 
and 75% relative humidity and after a specific amount of time, they were removed from 
the chamber and discharged at 4 Q and the capacity was determined. The results are 
shown in Table 1 in comparison to the initial capacity. 



Table 1 . (Percentage of retained capacity with initial capacity of 100%) 
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It is therefore clear that shelf life is very much improved by the method of the 
present invention. 

Heavy-load properties of the batteries obtained above were investigated. That is, 
when the short-circuit current of both batteries was determined, that of battery A was an 
average of 20.5 A and that of battery B was an average of 1 1 .7 A, with a much larger 
current being obtained from battery A of the present invention. Moreover, when both 
batteries were submitted to 2 Q discharge tests, the capacity of battery A was 1.1 Ahr, 
while that of B was 0.8 Ahr. It was determined that battery A of the present invention 
was superior. 

Example 2 

The composition ratio of metallic bismuth in Example 1 was varied up to 50 wt% 
and at the same time, the amount of boric acid in the polyvinyl alcohol was varied from 
0.1 mol% to 30 mol% and the shelf life and other properties were evaluated. The 
results are shown in Table 2. 
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Table 2. 

Key: Wt% of bismuth in zinc/ 
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The batteries were stored by being set aside for 250 days at 45°C and 70% 
humidity and then the capacity was determined with continuous discharge at 10 Q. The 
initial capacity of battery B was set at 100 and the capacity on day 250 was B\ 
Moreover, the capacity on day 250 of battery A was A 1 . Cs (storage capacity) in Table 2 
is (A' - B')/(100 - B') represented in percent. Moreover, heavy load properties were 
investigated by conducting 2 Q continuous discharge tests. In this case, Ch (heavy- 
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load capacity) is (a - b)/b represented in percent. Cs > 0, Ch > 100 indicates that the 
results are good. As is clear from Table 2, good results are realized with the method of 
the present invention when the bismuth mixture ratio is 1 to 40 wt% and the molar ratio 
of boric acid in the polyvinyl alcohol is between 0.3 and 20%. Moreover, results were 
obtained as a result of conducting the same tests with thallium, tin, cadmium, zinc, 
indium, antimony, tellurium, and the like, in place of metallic bismuth. It was determined 
that good results are obtained when the mixture ratio of these metals is 40 mol% and 
the molar ratio of boric acid in the polyvinyl alcohol is within a range of 0.3 to 20%. 
Example 3 

When the same tests as in Examples 1 and 2 were conducted by uniformly 
mixing with the zinc oxides of these metals in place of the bismuth and the like to obtain 
the same weight percentage in terms of metal, it was shown that these oxides have the 
same effect as the metals. That is, it was confirmed that when these metal oxides are 
brought into contact with metallic zinc, a porous body of these metals forms through a 
reaction such as 3Zn + M 2 0 3 -» 3ZnO + 2M, and this acts as a metal collector. 
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